Abstract. [Purpose] This study was conducted to evaluate the effect of Inspiratory Muscle Trainer (IMT) on respiratory muscle strength and pulmonary functions. [Subjects and Methods] Fifteen sedentary unemployed patients were recruited from both genders who received regular hemodialysis sessions from at least three months. Those patients received Threshold IMT program for 12 weeks. Pulmonary functions and respiratory muscle strength in form of (PImax) and (PEmax) were measured by electronic spirometry and digital pressure vacuum meter respectively. Additionally oxygen saturation was measured by Finger pulse oximeter. All measurements were performed before and at the end of the treatment program after 12 weeks.
INTRODUCTION
Renal replacement therapy represents an essential treatment for about 1 million persons who have end stage renal disease (ESRD) 3) . End stage renal failure is rapidly propagating in both developed and developing countries 4) .
Multiple systems such as musculoskeletal, cardiovascular and respiratory systems are extremely affected in renal dialysis patients. Moreover, various pulmonary complications are common in hemodialysis patients either from dialysis process or from the disease impact itself [5] [6] [7] [8] . Such complications as accumulation of uremic toxins (urea and creatinine), volume overload from fluid retention and anemia from lack of erythropoietin production. All of which may lead to a reduction in respiratory muscle strength and function [9] [10] [11] . Other reasons for respiratory complications are malnutrition, accompanied by muscular wasting 1) . Additionally, electrolyte and acid-base imbalances. All of which may affect respiratory muscles as well 12) .
Physical therapy unlocks a new era by effectively contributing into what is called renal rehabilitation. The current study is attempting to unveil the essential role of physical therapy as an inseparable part of the treatment program for hemodialysis patients. Consequently, strengthening of respiratory muscles by using threshold inspiratory muscle trainer for those patients may enhance the function of the pulmonary system entirely.
The present study was conducted to evaluate the effect of 12 weeks of IMT on respiratory muscle strength and pulmonary functions in hemodialysis patients.
SUBJECTS AND METHODS
Fifteen patients from both genders (9 males and 6 females) with chronic kidney disease were recruited in the study. All patients were unemployed living a sedentary lifestyle. They received regular hemodialysis sessions at least three months previously, at a hemodialysis unit of Al-Kasr Al Aini hospital, at faculty of medicine, Cairo University, Egypt. All of them had vascular access through an arteriovenous fistula. Their ages ranged from 45 to 65 years old. All of them were initially examined by a specialized physician. All patients fully understood the purpose and procedures of the study and so an informed consent was signed by each patient who agreed to participate in the study. All patients received intradialytic inspiratory muscle training for 3 days per week in a total of 12 weeks. A Single-group interventional study design was used to confirm the influence of inspiratory muscle training in haemodialytic patients. This study was carried out according to the principles of the Declaration of Helsinki 1975, revised Hong Kong 1989 and was approved by human research ethics committee of the Faculty of Physical Therapy, Cairo University.
Patients who were clinically stable and had sufficient level of cognition and ability to understand instructions were included in the study. Patients who had the following criteria such as chronic chest, cardiac, neurological disease or a current smoking habit which may interfere with exercise training were excluded from the study. All patients, regardless of their health status were allowed to discontinue exercise training program and withdraw from the study at any time.
Measuring pulmonary function test by an electronic Spirometer (Model-Schiller AG, CH6304) was used to measure forced vital capacity (FVC), forced expiratory volume in one second (FEV1), FVC\ FEVI ratio, peak expiratory flow (PEF) based on the total pulmonary capacity. Guidelines of the Pulmonary Function Tests were used with all patients in the study 13, 14) .
Measuring respiratory muscle strength by digital pressure vacuum meter (VACU. MED Ventura, CA, USA) was used to measure PImax through an inspiratory maneuver based on the functional residual capacity and PEmax based on total lung capacity after clipping the nose. Each patient was sitting comfortably in a 90-degrees position. For both measures, three attempts were recorded and the best of them was chosen 3, 15, 16) . Measuring peripheral oxygen saturation (SpO 2 ) by Finger pulse oximeter (Ana Pulse 100, Ana Wiz Ltd., UK) was positioned on the patient's forefinger tip to measure SpO 2 .
All measurements were performed at the same day, once before the beginning of the study and another after completion of 12 weeks of inspiratory muscle training program.
Inspiratory muscle training program was conducted by Threshold IMT (HS 730-010 for Respiratory Drug Delivery, Ltd., UK) with a dial selector used to detect the resistance level. The device contains a valve to ensure consistent resistance regardless of the air flow that trains respiratory muscles. Each patient breathes through a separate mouthpiece. The resistance is adjusted at 50% of maximum inspiratory pressure detected from pressure vacuum meter and is marked on the training device. A single training session consists of five sets, each contains five inspirations with total of twenty five breaths with one minute of recovery between each set. The resistance was adjusted every week to be 50% of the new maximum inspiratory pressure and if it remained the same, the subject continued to train at the level of the previous week 17) .
The (SPSS, Version 17) statistical software package was used for statistical analysis. For descriptive statistics, mean and standard deviations were calculated for all variables, and analytical statistics, paired t-test was used to test if there is a significant difference between pre and post means of the measured variables. Level of significance was set at (p<0.05).
RESULTS
Demographic details of the study sample and summarized baseline measures were shown in Table 1 . The study sample comprised fifteen patients on hemodialysis sessions (9 females and 6 males). The mean value and SD of their ages was 50.3 ± 6.6 years while the mean value and SD of their Body Mass Index (BMI) was 29.8 ± 3.8.
Comparing the mean values and standard deviations of pulmonary functions before and after three months of treatment by using inspiratory muscle trainer were shown in Table 2 . Results revealed statistically significant difference (p<0.05) for FVC%, and FEV1% where the mean difference was 12.2 and 15.6 respectively with (p-value 0.0001), while the mean difference for PEF% was 14.1 with (p-value 0.0001). However, there was no statistical significant difference (p>0.05) for (FEV1/ FVC %) where the mean difference was 7.5 with (p-value 0.18). Additionally, results of the current study revealed significant difference (p<0.05) as regard to PImax and PEmax where the mean difference was 9.2 and 14 respectively with (p-value 0.002) and (p-value 0.0001) before and after three months of treatment as shown in Table 2 . Moreover, results of the present study revealed no statistical significant difference (p>0.05) for O 2 saturation (SpO 2 ) as the mean difference was 0.8 with (p-value 0.08) before and after three months of treatment as shown in Table 2 .
DISCUSSION
Many studies found a reduction in baseline inspiratory and expiratory muscle strength and pulmonary functions in patients with ESRD when compared to healthy subjects [17] [18] [19] .
Moreover, Kosmadakis et al. 20) assured that resistive exercises training program in patients with chronic kidney disease (CKD) may reduce skeletal muscle atrophy. Their findings coincided with our results, which revealed that the use of IMT device as a resistive training program for respiratory muscles reduces its atrophy and increases its strength. Supposedly, this improvement would enhance pulmonary functions.
Rahgoshai et al. 2) concluded that there was acute significant improvement in FVC in patients of hemodialysis after dialysis sessions while non-significant for VC, FEV1 and FEV1/FVC ratio. They assured that the improvements in pulmonary functions are temporary and incomplete. Our results verified the essentiality of another physical intervention to improve all pulmonary functions as well as respiratory muscle strength.
Results of the current study showed significant improvement in FVC%, FEV1%, and PEF% while no significant improvement for FEV1/FVC ratio can be achieved with application of IMT during hemodialysis sessions for 12 weeks. This contradicts the data presented by Da Silva et al. 21) who showed no statistically significant difference in variables of pulmonary functions concerning FVC, FEV1, FEV1/FVC ratio and both (PImax) and (PEmax) by comparing values before and after eight weeks of IMT. This contradiction may be due to the difference in the total duration of treatment program.
The current study used pressure vacuum meter to test respiratory muscle strength through measuring both PImax and PEmax that was in accordance with other studies 3, 22) which reported that measuring PImax and PEmax represent the most accurate test for the detection of respiratory muscle strength. Moreover, Moreno et al. 23) clarified that body position affects the measures of respiratory pressure in both normal and CKD patients. Hence, during the maneuver with pressure vacuum meter, the position of all individuals of the present study was unified at 90 degrees position in all measurements either pulmonary functions or respiratory pressures. Results of the current study showed significant improvement in PImax, and PE max, which coincided with Pellizzaro et al. 17) who applied IMT program for 10 weeks and found significant improvement in both PImax and PEmax.
Ezzat and Mohab 24) stated that baseline O 2 saturation decreased in CKD patients in comparison to healthy subjects while in our patients the baseline O 2 saturation was within normal values with no significant difference between their baseline readings and after 12 weeks of treatment. This result comes in agreement with the results of Da Silva et al. 21) who reported no significant difference between baseline reading of O 2 saturation and after treatment by IMT for eight weeks.
Many studies [25] [26] [27] confirmed that intradialytic exercise therapy, regardless of its type, is more engaging and encouraging to HD patients. Therefore, our study preferred the application of intradialytic inspiratory training program to guarantee the completion of training session under direct supervision. It was also observed that our patients were so motivated to perform such activities during dialysis sessions. According to Sousa et al. 28) patients of our study performed the IMT protocol during the first 30 minutes of hemodialysis to avoid any cardiac alterations during the treatment.
It was concluded that inspiratory muscle trainer is an effective and adjunct therapeutic technique to improve respiratory muscle strength and pulmonary functions in patients undergoing hemodialysis.
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